PUEBLO INDIAN RESERVATIONS

Geology
A majority of the Pueblo Indian Reservations are located within the
Rio Grande Rift, which trends north-northeast from south-central
New Mexico to central Colorado (Chapin, 1971). In addition, small
segments of the Pueblo Reservation overlie the Acoma Basin, located
to the west of the Rio Grande Rift, and the Raton Basin which lies
east of the San Luis Basin in northeast New Mexico (Fig. P-1). The
rift lies along boundaries of several major physiographic provinces,
the most fundamental of which are the Great Plains and Southern
Rocky Mountains to the east, and the Colorado Plateau and Basin
and Range to the west (Fig. P-2). The sedimentary layers that fill
these basins gently dip towards the center of the basin, which has
dropped in relation to the surrounding strata due to normal or exten
sional faulting associated with the Rio Grande Rift.
The follo  wing sections describe the geology of the (1) Albuquer
que-Santa Fe Rift Province, (2) Raton Basin-Sierra Grande Uplift
Province with focus on the southern Raton Basin, and (3) South-Cen
tral New Mexico Province, in particular the Acoma Basin. Oil and
gas production within each province is summarized in the
"Production Overview" section.

ALBUQUERQUE, ESPANOLA, AND SAN LUIS BASIN

Geologic Structure

In mid-Oligocene time, regional extension occurred along a major
north-trending zone of weakness called the Rio Grande Rift. As the
rift opened, it broke en echelon along pre-rift lineaments developed
during earlier orogenies (Fig. P-3). High heat flow and volcanism
accompanied rifting. The resulting offset of the graben along old
structural lineaments and the uneven distribution of the volcanic
centers have divided the rift basin into sub-basins which include,
from south to north, the Albuquerque, Espanola (or Santa Fe), and
San Luis basins. The southern extension of the Espanola Basin is
known as the Hagan and Santa Fe Embayments, which are separated
by the Cerrillos Uplift, a late Tertiary east-tilted fault block (Fig. P-
4). The Hagan embayment is west of the Cerrillos Uplift and the
Santa Fe Embayment is to the east. For discussion purposes, these
two embayments are combined and are called the Hagan-Santa Fe
Embayment. In addition, the San Luis Basin has been further divid
ed into, from east to west, the Baca Graben, the Alamosa Horst, the
Monte Vista Graben, and the San Juan Sag (Gries, 1985).

Structure within the rift basins is lar ~ gely masked by late Tertiary
and Quaternary basin fill. Geophysical (mainly gravity) data indi
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cate varying amounts of Tertiary fill (Cordell-Lindrith et
al., 1982). The west sides of the basins are generally
downdropped in a stepwise fashion by many down-to-
the-east normal faults. The deepest parts of the basins
are generally on the east side (Fig. P-4).

W ells penetrating the Mesozoic and Paleozoic sec
tion in the Albuquerque Basin also indicate that the basin
is down-dropped by many normal faults. Wells in the
middle of the basin indicate more than 10,000 feet of
fault displacement between wells just a few miles apart
(Black, 1982). The deepest well drilled in the Albuquer
que Basin, the Shell Oil Co. Isleta No. 2 was in Tertiary
rocks at a total depth of 21,266 feet. The vertical relief
between the projected Precambrian surface in that well
and the Precambrian rocks exposed in the Manzano
Mountains 16 miles to the east is at least 32,000 feet.

Figure P-1. Outline of major geologic basins in New Mexico with respect to the

Pueblo Indian Reservations (modified after Broadhead, 1996).
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Figure P-2. Location of Pueblo Indian Reservations with respect to USGS defined geologic provinces of the United States (modified after
Charpentier et al., 1996).
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after Kelley, 1979).
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Figure P-7. Location of cross-sections through study area (modified after Molenaar,

1987; Black, 1982; and Woodward, 1984)

RATON BASIN
Geologic Structure
The Raton Basin is asymmetrical with a steep western limb and a
gently dipping eastern limb (Fig. P-9). The synclinal axis occurs
near the western part of the basin. The part of the basin in New
Mexico is about 100 miles long and is divided into 2 parts by the Ci
marron Basement Arch that extends westward from Maxwell.

T  ectonic evolution of the Raton Basin during Laramide time was
described by Johnson and Wood (1956). Uplift of the Sangre de Cris
to area west of the Raton Basin provided a source of detritus that was
deposited as sand as the upper part of the Pierre Shale, Trinidad
Sandstone, and Vermejo Formation during Late Cretaceous time.
Strong uplift in the Sangre de Cristo area near the end of the Creta
ceous time provided a source of sediment for the Raton Formation
and the lower part of the Poison Canyon Formation. The uplift was
rejuvenated in the Paleocene and Eocene times with tilting and fold

B BI
Zuni Basin ;
Albuquerque Basin Hagan-Santa Fe Embayment
] Shell Oil Shell Oil
::2:;‘;%2_': Santa Fc'e No. 2 Islet:x !\lol. 1 Shell Oil Sa:tt':nellgeol\illo . )
Catron Co. Valencia Co. Valencia Co. Santa Fe No.3 Sandoval o, Cliffhouse Ss
Sandoval Co. %
Shell Oi
Laguna Wilson Trust No.1l
. Bernalillo Co. Menefee
Sun Oil | ) erie! e Allison - Menefee
oA o - oo Coal 3] ) =
Catron Co TransOcean Oil Se® ) ﬁf } i \ ( Eastland
Hend SFP No. 1 ~. jE} McKee No.1
" Socons Co— Cretaceous @- . e santaﬁe CO‘Q‘
Menefee v . —
= < — - —— (I H
g '
i Gaiiup ¢ = 1]
=7 T 1 _Greenhorn Sanostee ) (% D] Sanostee [l \ g H
- s ‘% Greennorn T2 ] T DATUM
\il' Chinle - 15 {1 : 1 ]
et m Triassic Morrison
T f Todito—
7
t Chinle l
{‘! [ = an Andres —c:
3 Madera .\/ l\
Pen E
Precambrian '731’/'/an,-a,7
\ Abo
EXPLANATION
|| stratigraphic intervals with oil and gas potential
\/ Approximate attitude of bedding
Figure P-8. Stratigraphic cross-section from outcrop along the Zuni and Acoma basins
(Fig. P-7; cross-section 2). (modified after Molenaar, 1974) NW SE
Sangre de Cristo Sierra Grande
ing as uplift continued to the west. Some of the Poison Canyon For Uplift Arch
mation was eroded at that time. Thrusting and folding occurred Raton Basin
twice during the Eocene and the present structure outlines of the Ra 10,000 ft.

ton Basin and the Sangre de Cristo Uplift were attained. Epeirogen
ic upwarping of the region in late Tertiary time was accompanied by
normal faulting (Woodward, 1984).

The western mar  gin of the basin is marked by steeply dipping
thrust and reverse faults that have pushed Precambrian and Paleozo
ic rocks eastward for short distances over Paleozoic and, locally,
over Mesozoic rocks. To the east, the basin merges gradually with
the western limb of the Sierra Grande Arch through low dips. South
of Las Vegas, the axis of the Raton Basin dies out in gently dipping
Permian and Triassic rocks (Woodward, 1984).

Figure P-9. Geologic
cross-section across the
Raton Basin illustrating the
asymmetrical syncline
associated with the Sangre
de Cristo Uplift (modified
after Woodward, 1984).
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Stratigraphy

Strata of Cretaceous age are the most significant for hydrocarbon ex
ploration and production in the Raton Basin and have a maximum
thickness of about 4,700 feet near the New Mexico-Colorado border.
The following units, in ascending order, are present: Purgatoire For
mation, Dakota Sandstone, Graneros Shale, Greenhorn Limestone,
Carlile Shale, Niobrara Formation, Pierre Shale, Trinity Sandstone,
Vermejo Formation, and the basal part of the Raton Formation. Fig
ure P-10 shows the gamma ray log of the Cretaceous strata in the Ra
ton Basin. Figure P-11 represents a complete stratigraphic section
within the Raton Basin.

Baltz (1965) reported that the Pur ~ gatoire Formation is present in
most of the Raton Basin, but Jacka and Brand (1972) suggested that
no Purgatoire is present in the southern part of the basin near Las Ve
gas, New Mexico. The Purgatoire consists of a lower conglomerate
sandstone and an upper unit of interbedded sandstone and carbona
ceous shale. Woodward (1984) stated that the Purgatoire is often in
cluded as part of the Dakota Sandstone because differentiation is dif
ficult.

The Dak  ota Sandstone in the Raton Basin consists of three inter
vals (Jacka and Brand, 1972). Gilbert and Asquith (1976) reported
that the lower interval is sandstone with conglomerate lenses, the
middle interval contains interbedded sandstone, carbonaceous shale,
and coal, and the upper interval is composed of transgressive sand
stone. Total thickness of the Dakota Sandstone plus the Purgatoire
Formation, where present, ranges from 110-220 feet.

L  ying conformably on the Dakota is the Graneros Shale, which
consists of dark-gray marine shale with minor interbeds of bentonite,
limestone, and fine-grained sandstone. This unit is about 115-270
feet thick, but most sections are about 170 feet thick.

The Greenhorn Limestone, lying conformably on the Graneros,
consists of thin-bedded marine limestone with intercalated gray cal
careous shale. In the Raton Basin, the Greenhorn is 20-90 feet thick,
but most sections are 30-60 feet thick.

In conformable contact on the Greenhorn is the Carlile Shale,
which is composed of dark-gray marine shale with minor thin lime
stone interbeds, calcareous concretions, and calcareous sandstone
and sandy shale, particularly in the upper part. Where the sandstone
is prominent, it is referred to as the Codell Sandstone Member and
attains thicknesses up to 20 feet. The Carlile ranges in thickness
from about 110 to 320 feet, with most localities having thicknesses of
approximately 175 feet.

The marine Niobrara F ormation above the Carlile has a lower
member, the Fort Hays Limestone, composed of thin-bedded lime
stone and subordinate intercalated gray calcareous shale, and an up
per member, the Smokey Hill Marl, made up of calcareous shale with
subordinate thin interbeds of gray limestone and sandy shale. The
Fort Hays Limestone Member is about 20-45 feet thick, and the Nio
brara as a whole is about 250-285 feet thick.

Conformably abo  ve the Niobrara is the marine Pierre Shale,
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Figure P-10. Gamma ray-neutron porosity log showing Cretaceous

strata of Raton Basin, New Mexico. Log from Odessa Natural
Corporation-Maguire Oil No.2, W.S. Ranch; sec 30, T30N, R20E

(modified after Woodward 1984).

which consists mainly of dark-gray to blackish Age Stratigraphic Units Thickness (ft.)

shale with minor thin interbeds of sandy shale,

sandstone, and limestone. The upper 100 feet ©) Poison Canyon 0 - 2500

is transitional with overlying Trinidad Sand (’\3‘ Formation

stone and consists of interbedded shale and w [ PALEOCENE

thin beds of sandstone. The Pierre Shale is E

generally 2,400-2,900 feet thick, although the @

reported thickness in one well was only 1,700 Raton Formation -@ 0-2075

feet.

The Trindad Sandstone is an argillaceous .

sandstone with a maximum thickness of about Vermejo Formation ¥ 0-350

200 feet in the New Mexico part of the Raton Trindad Sandstone 'Zif 0- 255

Basin and

a minimum subsurface thickness of 100 feet.

Matuszczak (1969) interpretated the Trinidad .

Sandstone as beach, nearpshore, and offshore Q Pierre Shale -@- 1300 - 2900

deposits formed by a regressive sea retreating g CRETACEOUS

toward the northeast. Occasional pauses in re g .

gressions or transgressions toward the south ﬂ % gmokey HI"- Marl -‘-* 9_00
are ) i ) s = Fort Hays Limestone 0-55

west resulted in thickening and winnowing of

the sands, leading to northwest-elongated, IS 82?::72 22232}322 * 1605--32025

thick lenses with high porosities. Reports of g Greenhorn Limestone 20-70

maximum porosity of 21% and permeability of Greneros Shale 175-400

200 md were made for areas where the sand PB%‘;?S?%??;‘;}; -* ]gg ?28

stone is thickest. Toraon 50700

The  Vermejo Formation ranges from a JURASSIC Wanakah _* 30 - 100

maximum thickness of about 400 feet in the Entrada 40-100

subsurface to a wedge edge on the east side of TRIASSIC Dockum Group 0-1200

the basin near Raton. It is composed of fine to ~—

medium-grained sandstone, gray carbonaceous PALEOZOIC UNDIVIDED >000 - 19,0

shale, and coal interpreted as a flood-plain and {:g Primary gas reservoir -* Primary oil reservoir

swamp deposit. o ¥¢ Secondary gas reservoir ¥ Secondary oil reservoir

The Raton F ormation is Cretaceous and

Paleocene in age and consists of very fine to @ Source rocks for gas “® Source rocks for oils

coarse-grained sandstone, arkose, and gray

wacke with interbedded gray siltstone, shale,

and coal. A thin conglomerate or conglomerat

ic sandstone is present at the base of the formation. This unit was de
posited in back-barrier swamps and alluvial-plain back swamps (Pill
more, 1991) and ranges from a wedge to about 1,700 feet thick in the
Colorado part of the basin. Toward the southwest, beds in the upper
part of the Raton Formation intertongue with and grade into the lower
beds of the overlying Paleocene Poison Canyon Formation. The Poi
son Canyon is the youngest formation preserved in the New Mexico
part of the Raton Basin.

Figure P-11. Stratigraphic section depicting bedding relationships
within the Raton Basin-Sierra Grande Uplift Geologic Province

(modified after Gautier et al., 1996).
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